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The- metabolism of fat and carbohv'irate during

hemorrh-agic shock in
-ARNOLD) G. CORAN. LtrUTmNANT

the unanesthetized UN

subuma prmat:OMMtANDER. MC. U SN'Rsubhum n -prmate:AMID L. HO'RWITZ-/. J.IEUTENA.%-r

COMMtANDMR. M%1C. USNR
Changes -in serum levels CLIFFORD M. HERMAN, .MADR

of free fatt acids, total ofTMSA M1 f.diiradSre.

lipids, insulin, and "e) eatet

C aboivrateand fat are the muajor aInd the t, osibl ;oic deefrts of elevations-
cellular substrates of oxidative inetabolimin; of'certain lipid mnoicties.1%Mo~st of the previous
therefore. their fate during heinorrhaszic 1w- work in this art-a has be~en carried out oua
puitension is important to the understanding1 anesthetized clogsi: anesiltesa and spec"ie
of the -bisocbernistrv of the low flow state. variation inay welli ~inke thewe reults Less
lr-mvious work front this ;Ind other labora- applicable to the clinical situation. We have.
tones has shoivu that septic and hemnorrhagic therefore. undertaken the study of the- rla-
shot.k in the baboon are assoiated with liv. tionship between fat aInd cathohydratc in
jwrglyceemia and lqinoiumst~inetuia.--- the awake baboon subjec-ted to Imeniorrhaitii
-Othe~r studies in iimpcrinwitctal animials and 111pot.-amsiot.
paitients have ciulpbasi.-ed lthe tiaobilifativii
and jrnssible elevation -of sertun free fatty M 4TERJAUS AND METHODSi
afids during stress and shock.- j. W.1 Tien adult uinale balKtoom. (Papio do-arra).
Thle reiatkinship between carhohiydrate weighing bet-ween 21 and 99 kilogmuas. ucrr,

chantags and lipid inobilization- is t-Lasd dlivided inte, two groupts of fiveanimtals each.
linked in the norntal subject: chainges in this After an overnighit fam t of 10) to 12 hours.
Meatiotwhip durinjg shoc-k ittay be ritivial in i-wavi anintal was trantqui~ired inta-animscular-
Ianderstanding, chan ges in ceffadar int tabolisnis ly with I-l-lanlvllev;piJNt-ridine

~ ~ ~ ~ ~ I hdrochloride fSeruvian I. 1.0 rug. pe~r kilo.--
Unit.. l.M..kwk eAMsd V-;% C.~h M: lc CeIt IIZ X r main of bodty sreimzla. for imsertion of catht'-
meate St.. b-. A..i..c~ak m CAM. %%letr% foor bours prior it, hie- '"f of the
Anvpioe fm Jp it;A6K% Sr"~. '~.% 197-1. ;xjxieintent. Polhailwleume catheters Avemr in-

d- autot. r irwtt Wu -mtwd rr -" .ege-d- inito bioth fen110iorl .tteuie'S Ind winus.
:.aff~lg.. 11W iIr--4O NA% MPI.ptuWilt .in 44 11w :attd one v-inioua' catheter wea% threvaded into

li~~the central pos-itioni. The' aninzuzl was -then

1hr. twimil 4 
w i nu.U Gjd't t-! placedt in at speciialls- de-signed chair anti

.4uisod. F.itli"i. awd C..s. p.*tra IW hyi (uýmtfrn alkuwed to awakens. thit arterial aInd -Ine

ofjt*. %ri.-.w.. NAtoV.I R..w-ear. ('-.... 1. venous4 cathieter Avere 7onneltcted to prrs.'iaw
Mrw-r.A..h Ta- X.. t..- A(. transditers. fly Imcam of a jpatinplifiet and-
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( C1s11nif ged ind h serum wa s jimmdaeylM Q%

I ,t~uaov~d and fro/em for subsequent analysis. Fig 2R:. Chansro. ill lilt-d lactaite bitl dlurilig A
Free fattv acids were attalvietd 1w the -ooit' Itinr-ji l*c nztIa*.u(wa ...
Ilettli in"icrt'tztclethd of Macieumzit and co- three and onte-batli hour jwriid. but this
~uork-ers!' A r(lored t-otttltlex .isr fonuekd IW4- decg-reas was nlot stattiuticali'v si-Oullicanlt(1
tiveen tile free fattu- acids. tirativi imo. atid 2>0.1. lin tile- hIemuorrhaged animtals. tile
file basic dye. ukbodzaniatle B, this Complex is hmeart m.te did not i-hange sigila~nifati- duaring
then itniesuired in a siectwophotongwter. T'otal the exiterifltent; )tow~ever. tile Cardiac output A
lUpids were Incitsared by the eoohmmetri: clecreamstd front 3.2 ±- 0.4 to~ JA ± 0.4 L. jwr

maethiod based onl the stulfo plmIt ph-vallillhi mliflute (p) < 40.0? :0 uuaifilumes after tile
lea4-tionl.5 Serum imstililt Concentrations %%vre 0111-41 of shock (fiur. 1A.4 Tin dropl inl

ameasure~d by rdioimunitrtmtassay with flt- use cardiar output continitued so that 3M muinutes

cif d"-tn mn-toawd viharcol to septarate- anmti- afte-r Ole aiitintal reachted a mneant arterial
botuy-hrund insuilin front 1111b011114 inlStlil.' pre.ssurr of .13 niun lisg. the output %%as 0.9 ~
hircinle itimulin standlards were used. St-noun 0.2 (p) < 0J.6011~-. At thle end of 3'AV hoursN.
gwsdtcue levels weir ltteasutrNi fly thet fer- lilt- otmtplut was [3 t~ 0.4 (p<0.01;- The
11ccattlide IlttethIl Ott 4 (lttal-CltattmteI lcTh- arterial P11 tentded to falhl itt flth- bled attt.
tlitou auto anali-,er. inals: lmosvevcr. this decline was viever sluitis-

At tile end of tile expe-ratuemit. oit. volntrol t-r:,lvy simlwiilivart (Eisg. 2l The lactate level
A.utinal avid1 all live bled attiiiails tiiiteri't-i sliow-d a siiguilirant tise 30 miinutm. Iftz,-r

a~mopv: e~tols f mg.liver an pl lte offset of shinek -p < 0.013 this inlcresc

V-mras usrre rtoedfor ti~wti lp0oJ) stisdy. roittiotied thtmnughout the exiet'ntmenttt re-
The ntean. stawdard devimtion. anid statndard sultizis, inl a firtal ~if~e of 68.9 -- 24W6nt~
ertor 4f the sum-ast wetre c-aletulated for all plercentit ( < (1.05, Fi-g. 2 i Thte heinuti-

- dat~: flt-e statistical 'uisnilit-antce was dete-r- 4cdt defreasedl Nit-flifcalltiv throughouat tile?
millted Writha tile Stuldent's I test. exjlerintfent: at 3t4 hours. 1t11 vahlw had

ItFUL~ § f;;lhen front :38 - 2 to 26 1 34 Jwaceit lp <

IflletiodyutatticalIv. the volittol annumal, The conitrol alltiahal houile tno 4-ha,*se ill
A:hnwvd n6i chatt t--% ill heart ratte. :aut rt- merint ithticom. or senmarstahi:' levls thirntti.
tt'tial pm-emire. or crdiliat- otmtptt dionttg tile fit,- exilerinitettal jIR-ti-x-d i.* 3A authi 3Ol.

- AIM-1wl~ts (Fss Aand 11'.i iewse 'flit.- 'llocked attiun~tls I't Owe otlherhnd
thuj arterial p11 and lactate ifid notl chmtige 4tossed a simgni~cam. b 1tvjirsgly.'eiiia of 252 t

-- inl Ithe cotttl aninittzl -fe~ 24g I arid 211). 20 ism. l-en 30~i Ittit fte tl!.nto
''llne lwmntticrit crirease-d fumal 318 to - hc ~ < O.flxl. 111C trulnt gdu-ose lesel
30 -t 4 1 .c-rcrn Inwant SX.NOI oser ltet# int thesev attitutal, te'tturnd to base line alt tile
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~ Fg.4.Seumtotal li ,d during -en;rrhavic
'0-%0--.hck in the babcrno inwan ±S.E.M.).

F1g. 3A- Serum glucose levels in control and :

L hemorrhaged baboons (snean ±S.LM4..

0----- HEC0AHAG

£CONTROLS

hemffhxedbaboions. Percent change fmb~
line (1e"n ±S.L.M.).

TIKW - trol and bl#ed annas Of imotac L %he
US ig. 3Rt. Serum in-sulaiu leels in czintrol and fact that no increased (at deposition was

hettiorrbamed baboons (awan ±S. .1
seen in the. liver or hsnkgs of the hntwitthaitvd
anintals.

end of the study. Thirty minutes, after
heaworrage. the seruim insulin leve had DISCUSSION
fallen front 19.0 t 6.1 to 7.6 t 0.8 pU piet Tin! shock niodel used in the prrsent
Mnillilite~r, significantlv lower than the cont- sttad~m causes a severe he~nodritainic atsl
parable control value (1p < 0.02) (Figz. 3). metabolic insult to the anintals. a-, evideticed
Sertuna total lipids did not change in the by sine nwrl'ed decrease in cardiac. outputI

control or the bledi aninials durinkt the ,. x- and the sirnilicant elm-ation in blood lactates.
petimiient (-Fit:. 41- Thec control anit iun 'Il16 SIKodel reslts inl 100 percent 2auottality

.. bowd nosig~ilicint~ansze in verurn fr.,c rawe if the animal is not treated. Hypin
fatty acids (FF.%): however. .1%, hotirs aftrr sulineunlia ;:lton1 ii wI.-- byprgsdcV.111ia 11.1s been
beniorfiaige, the FFA level -,wi :182 percent denionstrattd in the heznorrhaged baboon by
of haA line (p < t).03-ý in the shokckd M"' and collrap"s" and in the septi
grouxs. altholgha no sig~nificant tilcration wal; habionu k- Crver anix. eowokes. he

men dulringt the early- havpotensive peaiod relatiotiship (if th,'-&- findings to chatiges in
I(Fig. 5). lipid inetabolimni. however. was. not ittve,.ti-

11wre iwee no stnnilricnt grom or Intern- spled.
54,00c chantce- in the tissues front the con. Mos4t of thr investijptmons rarrid.d out on
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tilt effect of shock on serumn PFAX- and vri- present study would preclude any possibility
Owverides have shown confllicting. results. of detectin-' chatges in total serumi lipidi,
Farago and colleagues, demonstrated a de- since changes in total lipids usually take

craein sertum YEA~s during hemorrhagi sveral hurs -ody oocur. Groves .110
shock in the dog. Groves and co-usorkers' co-wvorkersO found that the scrumn trigglyc.
and Kovack and colleagues"' showed no erides rose in bactereanic. dogs. however.
change in FFA levels during hemorrhagic thev do not state at what tinte during tile
and septic shock in the dog. On-the other shock lWierod this occurred (they studied theirS
hland, Carlsoin' showed that -norepinelphrine animials for 24 to '72 hours after tilt onset of
infusion led to fattv acid elevation in thle --hock).

serumn of dogs, and Skihimaii and colletgues'Idemonstrated that a 15 percent bleed in 'SUMMARY
niormnal humans led to a significant elevation Five adult baboons were subjected tir
of the level of the seruim FFt~s. L.ikewise. hemorrhflagic liyposension for aI period of 3%y2
Mavs"L' has shown that surgical traumia hiours, and another five baboons. served as thlt
causes a significant elevation of serum FF.As. control animals. 11ce auiminals were studiLd
Our studies show that the severe stress of in a spe jails' desi--med chmait while fully
our hemorrhagic shoc.k mixitel cau~ses an elit- awake. During the lieriod of hypotensuin.
v'ation of -FY.Vs. hut this rise becomes the citrdiac output dectreasd significantly
siegnificant only 3Y2 hours after heamorrhage. front 3.2 ±0.4 to 0l9 :t 0.2 L. pee minaute.
One of the problems in studying the tin- as. the arterial lactate rose front 16.4 ±3.3
anesthieti/ed animial is thle major degree of to 79.5 ±tI 19. hug. percent. Thirty mninutes.
stress. the baboon is subjected to before any after hemorrhage. the serum insulin hadl

= hock is induced. Tl1is is wllected in the hioib fallen froan 19.0 ± 0. 1 to 7.6 _-i 0.1 lit 1 wpr
base-line values of FFA~s in the inntmtrl and milliliter. and the glucose had risen to a peak
Miocked animuals ( 1.61 ± 0.4- and 1.83 ± 0.68 of 252 ± 20 Ili-. per-cemm. D~espite the develop-
iIIFAI. per liter,, This. stress also leads to a ment of hvpinxistilitivemia. no statistically
u'ide scatter in the data. makin- it diffict:lt si~gnificanlt acute chaniget in the melanl strumz
to demionstrate significant changes with smnall free fatty acid (FF.%-- concentration was;
ntumnbers of animials. Tlhe high base line! of demnnnstratabl: however, after 31-:z hotirs tilt-
thme FFVAs %-asI also seen in tilt- study by uaman EF.A le.vel wvas 3182 ilervent of base line
Skillhnan anmd colleagues'2 oil nornma huinman in lthe in potensive grotap and not signuificantly
volunteers. who were obviously stressird while inaimwd L. the control anlimals. Powsible rea-
variouis proiwetres li.'re being carried otat to %0%soulsivh tile eajrly lunorrhamzit hivpoinstuli-
pierfornt tile stuudv. tilt- initial values in their nenm a dlid not leadi to thet rxplected e~arhi- ch.-
i-tttdvwere 1.36 iIIFAI. pler lit'r. a v'alume much vatiolt in thle FF;%*. are (liswtl5edf.
hiolher thian thet rlortual levels in hiullata. 'Me zauth-ots aclmnawt'd~e the ierbnival a~i~t-
OIther factors., which iiaya totally or paurtially aMr..Ch'n:M.J itzean
;tccnunt for thet hack.of aI statistically si-grnifi- Na.. *i npitai co-"rpowun Vangeloff and McCarty.
Cant early ri-Re ill iFEVs SeYondary to dic The .'artival procedre.rt and addit"ional aboaton-
early fail In seritim imnulin. are 0(1 a blmalnce.d 11111m,"i4imot s WC g ~ivn by the fnilqowing~ Navy hu.;'im~d

.1ncrease in EVA taaobili/iation atnd MA c4r9ulf:h.uo.Vdr.lakr lIt!.
uitili,.ation during hemtorrhage anl f2_1 rapid Sixonun-. DiSini-nie. Str"1ttina. Mfarrminsu. Line.

pjirolkiologic fluctuations in ett unu FEA levels. Shou.lwr". quit Srearly. al~rne with Mr. 3. Ewell.
-. thich obscure mitahl ehevatiotws durine 4iock.
in addition, the Lite rim- of YEA*-s dtiring
litetaotrhitagic ntothulmt'siol uitaa reflec dimin- C' (rI'"n. L A.. lpipd fltfdbili7AulW1 in trail-
i-hied FPEA cleariance dame to decreasedt per- ni~attiend or hoe'. in Mtflmi. A~. P.. t-diwir:

Pmzwn~ding', of Cui'ferrin Ce n Energy- Metals.'t'itsiott of mnetahrnlicamlvy acti''e tIimm". hi~m and 1kt~qv )',el U~illitatitoluzP. l'ten. Jan.
7lime sh1ott liselid of..invtstiigation in tile 11.14. ISMS.
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